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HEATS OF FORMATION OF COMPOUNDS 
CONTAIND» B, Be, Ai and Li 

SUMMARY OF THE WORK ACCOMPLISHED 

A, Beryllium Fluoride 

Final evaluation of the measurements on beryllium 
fluoride has been deferred.  Experiments on the preparation 
of a completely orystalline beryllium fluoride by various 
methods have, so far, not suooeeded. 

B. Double Oxides 

The working of the platinum calorimeter has been 
simplified and tho precision increased by maintaining the 
samples at constant temperature in a small metal block thermo- 
stat before dropping them into the calorimeter. 

Solution experiments on the compound SAlp^V232^3 
and on mixtures of gibbsite and boron oxide (glass) in the 
corresponding ratio have been made.  Eight experiments on 
the mixture gave AHiol = 799"3 * 1-0 koal for the molar heat 
of solution.  Seven experiments on the compound gave AHgoi = 
900«0 t 1-4 koal for the molar heat of solution  From these 
measurements and Barany's [Koehler. Barany and Kelley, Bureau 
of Mines Report of Investigations !J711 (l96l)] heat of formation 
of gibbsito from a-alumina and water (AHhydr.298 = "7*36 i 0*62 
koal), the preliminary value AHio^Q = +2T'ki  $'8 kcal is 
derived for the heat of oombination of the oxides in 9AJL20y 2B2O3. 
This value is subject to corrections for small errors in tne 
calibration of the calorimeter, in the estimate of the heat of 
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dilutioxi of  th« oonomitrat^d l^ydrofluorio aold nolution by  th« 
water of the gibbsite and for a posaible error in the heat of 
formation of gibbaite. 

Several JManureaents on the heat of solution of the 
compound Al203.1^20 and oorrMpondang mixtures of lithia and 
gibbsite have been made. 

When, In experiments on the preparation of the oompo«ind 
5AJ.2O3.Li2O in a oompletely anhydrous and solüble form, the oon- 
stituent oxides were heated to temperatures below 900oC, reaotion 
ras incomplete.      At 1,000UC or higher temperatures,  the double 
oompound became largely insoluble.      Preparation of chrysoberyl, 
Al^Oi.BeO [according to the method briefly described by Lang, 
Fillmore  -nd Maxwell, J.Res.N.B.S. JjS, 298,  (1952)] gave X-ray 
patterns which, in addition to line? due to chrysoberyl,  showed 
further lines possibly due to A^Oi.JBeO. 

C. Mixed Fluorides 

Li 5^6 

X-ray powder photographs of LijAlPg in a wide tempera- 
ture range have been taken.  The existence of various forms of 
the compound designated a, ß, Y> & «""id 6 in order of stability at 
increasing temperature has become evident.  An extremely slow 
conversion of a into ß occurs when the a form is heated to 
2250C (± SQOC), but the direct reoonverjion of ß into a has not 
been observed.  The ß form is transformed into Y at 4750C (± 10oC). 
On slow oooling the Y form  is converted into ß which is retained 
on further cooling to room temperature.  If the Y form is rapidly 
cooled, the product obtained after some time at room temperature 
is a mixture of a and ß.  The Y form is transformed into 5 at 
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5750C (± 10oC) and the 6 form into the e form »t 7050C (* 10oC). 
The oonvsraiona Y " 6 and 6 -e are readily reversible.  The 
product in the oalorimetrio experiments is thus a «dxture of o, 
ß and superoooled y whioh slowly changes into a. 

The endothermio reaotion ('-O^ koal) obtained on re- 
heating the product ia therefore explained by both effects 
mentioned in Administrative Report No.17. I.D., i.e. retention 
of Y an<i 8ome evaporation of LiAUi .  The conversion a - ß 
is probably thermochemioally negligible and the most probable 
value for the heat of combination of the two single fluorides 
to form a- or ß-Li3AlF6 is therefore AHf296 = -5*5 (± 0-5 kcal). 

The various phase changes reported here are not likely 
to seriously invalidate the heat otpaoity meaaurement of LixAlPg 
[Douglas and Neufer, N.B.S.Report 8186, Jan.1964] ao that tne 
value for the entropy S2^Qil'iyLlF()) -  45'04 e.u. derived from 
them and the heat measureiaents reported here cannot be signifi- 
cantly in error. 

Li^aPi 

The heat of the reaotion 

2LiF(cry8tal) + BeP2(glas8) = Li2BeP^(crystal)    I 

has been measured by heating the oonstituents within the small 
furnace in the oalorimeter.  Very thorough mixing of the single 
fluorides is naoessary apparently because of the «xtremaly high 
viscosity (low electrical oonduotivily) of molten BeP2.  Prom 
five experiments in which this precaution was taken, a value 
AH£ = -5*3 ± 0*5 koal has been derived for the heat of reaotion I. 
The product has been identified by powder X-wy photography as the 
normal crystalline form [a in the designation of Novoselova, 
Slmanov and Yarembash, Zhur.Fiz.Khim., 26, 1244, (1952)].  On 
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x«h«»<vM«»fr the pioluot at"t«?!- severn] hours «t room t«mp«raturB, 
a barely de two table endothermio heat effect is observed.  This 
cannot be readily explained at present.  This is taken care of 
if one aflaumes for the heat of formation of a-Li^BeF^ from the 
oonstituenLs AHf s -5'5 ± 0'7 koal. 

2- WORK m THE NEXT PERIOD 

A. Beryllium Fluoride 

Further attempts to prepare B«F2 ifl * complete 
crystalline state will be made with a view to determining the 
heat of glass - crystal transition.  Addition of lithium 
fluoride will be made to the mix-hire for the Be-PbF2 reaction 
in order to form the crystalline compound JA^be?^. 

B. Mixed Oxides 

Measurements in the AI2O1 - BoO* system will be com- 
pleted.  Measurements in the AI2O3 - LI2O system will continue. 
If a oompletaly anhydrous and soluble 5Al203.Li20 cannot be made, 
the previous prepar-*tion which contains about 2 weight per cent 
water will be used.  yeasorements on either the heat of formation 
of glbbsite or of compounds in the AI2O3 - BeO system, if available, 
will be made. 

One further attempt to prepare 5AI2O3.LI2O in a com- 
pletely anhydrous and soluble form will be made.  Investigations 
on the preparation of the compounds in the AI2O3 "* B^O «ystea in 
a well defined and hydrofluoric acid soluble state will continue. 
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C.    Mixed yi<roridBa 

Inveot-I^fttloin in  th« BtOf^  -  MT  i^at.»n «rjl 1  oontJnu«. 
Of the various double oomj>L-iind8 auggtated,  the exiotauoe of 
LIBeFi aee^s undisputed; but oareful therraoohemioal study will 
be neoess&ry to asoert&in whether it is stable or uetaatable with 
respect to disprcportionation into B«P2 *nd Li^^if 

No inventions were oonoeived or made during the period. 

k. No personnel changes or other signifioant administrative 
aotiona occurred during the period. 

Dr. Gross visited the United States from the 13th - 50th 
October 1964.      He diroussed progress of the work with Dr. Joseph 
F, Kasi and Major C. J, Donovan of the Office of Scientific Research, 
United States Air Force;    he visited several laboratories and had 
scientific dlsoussions v.'th various United States thermochealsts. 
He attended the 19th Calorimatry Conference in Washington, D.C., 
and Bethesda, lid., and reported on "Heats of Formation of a'- 
Beryllium Chloride and a- and 0-Beryllium Nitride", an investi- 
gation which had been entirely sponsored by the Air Force Office 
of Scientific Research. 

PO/dV^DC/JW* 
18.12.1964. 


